ABSTRACT: Seedlings compete for nutrients, water and light. The available area for each seedling affects their behavior related to requirements for these resources. This experiment evaluated the influence of five plant densities on the growth of bare root Pinus taeda, L. seedlings in a nursery after outplanting. The analyzed characteristics were: height (H), root collar diameter (D), H/D ratio, and dry matter weight. Higher densities stimulated H growth and the lowest densities increased D average and dry matter weight and lowered the H/D ratio. Seedlings were distributed by H, D and H/D classes. Higher densities had a larger number of seedlings in larger H classes. Larger numbers of seedlings with larger D and lower H/D ratios were found in lower densities. Ten months after outplanting the seedlings grown in lower densities had higher survival percentages and growth. Some saplings of standardized heights were uprooted with the objective of studying their root systems. The lowest densities stimulated higher numbers of first and second order roots as well as fresh and dry matter weights of thin roots with mycorrhizae presence. In both parts of the experiment, the density of 278 seedlings m -2 yielded equivalent averages as compared to the lowest densities. 
INTRODUCTION
Forest seedling grading is motivated by two advantages (Carneiro, 1983) : a) increase of survival percentage; b) decrease of the need for cultural cleanings after outplanting. Seedlings of low quality also present less growth during the first months in the field. José (2003) reports that the utilization of high quality seedlings (achieved with a selection of genetic material, cultural practices in the nursery and proper methodology for stand establishment) is one of the factors that ensures the success of outplantings.
Conditions at each nursery (like density, site -substrate quality and climate -variations in performance of seedlings due to seeds vigor, provenance, genetic origin and shading) differ so that there is great relevance in establishing criteria to evaluate seedling quality. Density is one of the most relevant factors to be studied due to its simultaneous influence on competition for nutrients, water and light.
Different methods have been used for the evalution of forest seedlings. However stem, diameter, fresh and dry matter weight (stem and root), root growth regenerating potential (number, length, root tip number, surface, volume and diameter) are probably the most commonly used criteria: (Daniel et al., 1994 , Driessche, 1994 , Oliveira Filho, 1994 , Carneiro, 1995 , Claussen, 1996 , Reis et al., 1996 , Tinus, 1996a 1996b , Ferreira, 1997 , Paula, 1997 , Santos, 1998 , Mohamed et al., 1998 , Morgado et al., 2000 , Bircher et al., 1998 , South, 2000 , Novaes et al., 2001 Chaves et al., 2003) . Density has a more critical effect on growth when compared to the available substrate volume . Therefore, spacing is crucially important for producing high quality standard seedlings.
Different densities promote distinct selfshading levels in the beds. From a certain growth stage onward the allocation of photosynthetic products to the stem shifts in response to selfshading, changing the stem/ root relationship and the seedlings performance in the field (Mexal & Landis, 1990) . Stands established with a low standard of quality usually cause a reduction in the survival percentage and initial growth relative to expectation (Carneiro, 1995) . Morphological stem and root growth characteristics have a strong influence on reforestation success. The choice of seedling cultivation techniques and their resulting quality demand more research. The correct methodology is not yet clear for the majority of species and sites. Negative consequences are slower growth after outplanting, higher blank-fillings and frequency of cleaning treatments.
The main objective of this experiment was to evaluate the influence of five densities of bare root Pinus taeda, L. seedlings on their performance in nurseries and in the field.
MATERIAL AND METHODS
The experiment was set up in a Cfb temperate climate (according to Köppen's classification) under wet conditions (Brasil, 1992) . The yearly average temperatures are lower than 22ºC in the warmest month and lower than 10ºC in the coldest month, with an incidence of up to five frosts per year and an annual average rainfall of 1500 mm with regular distribution along the year. This region is located at a latitude of 22º26' S, a longitude of 49º16' W and an altitude of 920 m.
Soil samples of the 30 cm surface layer had the following physical characteristics: sand (500 g kg ): 20, 18 and 1, respectively (HCl 1N). The experiment covered two phases: bare root seedling cultivation in full light and the monitoring of their performance in the field. In the first phase treatments were composed of five plant densities: 2,500 seedlings m -2 (2 × 2 cm); 625 seedlings m -2 (4 × 4 cm); 278 seedlings m -2 (6 × 6 cm); 156 seedlings m -2 (8 × 8 cm) and 100 seedlings m -2 (10 × 10 cm). Eight months after sowing the following morphological plant characteristics were measured: stem height (H), root collar diameter (D), H/D ratio and dry matter weight (top, root and total). Seedlings were oven dried at 105ºC (Böhm, 1991) to a constant weight. At this time, samples were sorted into H, D and H/D classes with the aim of quantifying the size class distribution of seedlings. The interval widths were 3 cm for H, 1 mm for D, and 2 for D/H. The chisquare test showed differences among the intervals for each class, and the H 0 hipothesis was rejected, at an alpha level of 5%.
For the first phase, the experimental design was totally randomized with three replicates of each density assigned to 1.0 m -2 plots. Fifty seedlings from each plot, were sampled for all characteristics. Due to the variation in the seedling frequency among the replications in the same treatment, the averages were weighed. Barttlet and chi-square tests presented homogeneity of the variance for all variables except for the survival percentages. Lilliefors and chi-square tests were also used to compare the independence among the variables. After analysis of variance, the Duncan Test was used at an alpha level of 5%, also in the second phase.
For the second phase, seedlings were outplanted in a uniform fertile and deep soil. Survival was monitored monthly until the tenth month. The survival percentages (P) were transformed through
, according to the statement of Steel & Torrie (1960) : "Percentage data based on counts where the range of percentages is 0 to 20% or 80 to 100% (but not both) may also be analyzed by using the square root transformation. Percentages between 80 and 100 should be subtracted from 100 before the transformation is made." Freeze (1967) came to the same conclusion. After the transformation, the Barttlet test was used again to prove that the experimental errors were normally distributed. Since all the requirements for the valid application of significance tests were fulfilled, the analysis of variance and Duncan Test were applied to the data at the level of 5%.
Tukey's test is not recommended to be used in experiments in biological research (due to the inherent variability of biological data), because it induces to the error of type II (accept the null hypothesis even when it is false). Duncan's is the multiple range test that best balances errors of types I and II. Tukey and Duncan tests have very similar basis, but the Duncan test establishes a half-term between the excessive severity of Tukey test and the exaggerated lack of rigour of t test (Pimentel- Gomes & Garcia, 2002) . Height growth and the Root Regenerating Potential (RRP) were also evaluated, according to Böhm (1991) and Carneiro (1995) . For this purpose two plants of standardized height were carefully harvested from each plot. First the average height of those and their standard deviations were calculated. The samples were the plants with height between + 1/3 to -1/3 of the standard deviation. The RRP was assessed by counting the number of secondary roots of first and second orders with diameter equal or larger to 1.0 mm and by determining fresh and dry weights of fine and mychorriza roots whose diameters were less than 1.0 mm (both measured at their insertion points).
The second phase of the experiment followed a completely randomized block design with three replications. Each plot area was 10 × 12 m, with thirty seedlings arranged in six lines of five seedlings, with a spacing of two meters. After analysis of variance, the Duncan Test was used at an alpha level of 5%.
RESULTS AND DISCUSSION
The use of a single characteristic is not the best way to evaluate seedling quality (Schmidt-Vogt, 1966; and Carneiro, 1995) . Any reliable measure of seedling potential considers several characteristics. Analysis of variance of the measurements of all studied characteristics, eight months after the sowing presented differences among the densities (Table 1) .
The averages of all seedling characteristics cultivated in the highest density are different from those cultivated in lower ones. The highest density (2,500 seedlings/m -2 ) was not suitable for high quality seedling cultivation. Leopold & Kriedeman (1975) indicate that the effects of lower densities on dry root matter may be explained through the higher incidence of light and less selfshading, resulting in a higher photosynthetic efficiency. Density indicates the degree of competition for growth between seedlings with consequences on the ability to assimilate light, water and nutrients. Seedlings growing in high densities may show low physiological quality and low performance in the field (Carneiro, 1995; Kramer & Rose, 1985) . Seedlings of the three lowest densities were not significantly different for dry weight (Table 1) . Brissette et al. (1991) also found that dry root weight of Pinus seedlings increased for lower plant densities. José (2003) found higher dry root matter averages for Schinus terebinthifolia Raddi and Guazuma ulmifolia Lam. seedlings, when cultivated in tubes (50 and 150 mL), that had greater spacing between containers.
At the highest density larger percentages of the seedlings were in the largest height classes (Figure 1 ) and the spacings widened mode of the H distribution moved to the lower classes. The opposite effect is observed for the distribution of seedlings by root collar diameter classes (Figure 2) . Similar distributions of H/D were observed for the three lowest densities (Figure 3 ). The two higher densities exhibited larger H/D ratios. The seedling density of 278 /m -2 was apparently appropriate for Pinus taeda, L. seedlings to maintain an acceptable H/D.
Low H/D ratios have been regarded as indicating well-balanced seedlings with greater growth and vigor (Schmidt-Vogt, 1966 , Carneiro, 1995 . A low H/D ratio ensures that the seedlings are more resistant against wind and drought, and promotes higher survival and growth on dry sites (Johnson & Cline (1991) . However, the inherent deficiency of this characteristic as a way of classifying seedling quality is that the roots are not taken into account (Carneiro, 1995) . Table 2 The ideal nursery density depends on the species, fertility and conditions of the site, and does not need to be standardized for all nurseries (Wakeley, 1954; Carneiro, 1983) . The goal should be a maximum quantity of seedlings with morphological quality at low costs. More fertile substrates tolerate higher density as long as this density does not impede light penetration among seedlings.
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Ten months after outplanting no difference was found in the survival. The results for decreasing plant densities were: 82.2, 95.5, 98.9, 95.5 and 98.9%. Height growth was also evaluated after 10 months. South (2000) also studied the performance of bare root Pinus seedlings and verified that when grown in low densities seedlings presented higher survival percentages and growth rates. The change in survival between the 1 st and the 10 th evaluations and height growth are shown in Table 3 .
The results for height growth show the same significant equivalence between densities of 2,500, 625 and 156 seedlings per square meter, but not for survival. McTague & Tinus (1996) found a positive relationship between height and survival for Pinus taeda seedlings. However, for Mexal & Landis (1990) , this was not a characteristic that showed correlation with survival percentage. According to these authors, smaller seedlings with higher root collar diameters are more suitable for arid sites and taller seedlings should be used where there is weed competition. Taller seedlings have also been shown to exhibit a lower survival rate (Undström & Keane 1999) . Taller stem heights imply in a higher available foliar area for photosynthesis and transpiration and have an advantage in sites where the weed competition poses a problem (Kiiskila, 2003) . Ten months after outplanting the three lowest densities had the greatest survival rate. The density of 278 seedlings m -2 had the same advantages as compared to the lower densities. Barros et al. (1978) found that height growth was inversely proportional to stem height at the outplanting time for Eucalyptus grandis seedlings. Gomes & Paiva (2004) recommended defining a standardized stem height prior to outplanting and noted that this subject requires further investigation. Some of these inconsistencies may be connected to differences in soil and climate conditions of outplanting sites and to seedling production methods. In higher densities the occurrence of selfshading can also cause the seedlings to dry up or lose their leaves at the bottom of the stem.
The RRP, also known as Root Growth Potential, is recognized as an important factor to evaluate seedling quality (Böhm 1991) . He described root measurement methods and emphasized the significance of some characteristics, such as the root number. The genetic potential of the seeds and the environmental conditions also influence seedling survival and their performance in the field (South, 2000) .
Ten months after outplanting, two plants of stem height close to the average in each plot were carefully uprooted (Table 4) .
No difference was found among the plant densities relative to the first order roots. However, the highest density presented lower number of second order roots. The importance of the verified number of second order roots must also be emphasized. This result was similar to that of fine (d ≥ 1mm) root weight as well. These observations may explain the lower 10 th survival percentages of the seedlings cultivated in highly restrictive densities. Morgado et al. (2000) also studied RRP of Eucalypthus grandis seedlings. They counted the number of the regenerated roots, the newly regenerated root tips and root length. Differences were observed suggesting that RRP may be a reliable physiological characteristic to assess seedling quality. Differences in stem height and root collar diameter of the seedlings were also observed in the field. Leles (1998) studied the RRP of Eucalyptus camaldulensis, E. grandis and E. pellita according to the same methodology utilized by Morgado et al. (2000) and found that seedlings had a high survival percentage when cultivated in pressed blocks and showed a better growth rate performance, height, and diameter at the soil level after outplanting. Seedlings with higher average root number, length and newly regenerated tips in rhizotrons presented reliable prognosis related to field performance.
CONCLUSIONS
High densities for Pinus taeda, L. seedling cultivation should be avoided, since they do not stimulate adequate growth conditions, causing negative effects on the quality of the nursery stock during the first months after outplanting. In nurseries Pinus taeda, L. seedlings should be cultivated using a density of 278 seedlings m -2 to attain a high standard of quality for outplanting. 
